Objective: To examine the effects of the inclusion of extruded dry beans in the diet on serum lipoprotein, plasma ®brinogen, plasma viscosity and plasminogen activator inhibitor 1 (PAI-1) levels. Subjects and study design: Twenty-two free living hyperlipidaemic men participated in this randomised, controlled, cross-over study. The subjects were randomly assigned to one of two groups. After a run-in period of four weeks, during which subjects followed their normal diet with the exclusion of dry beans, group A had to include 110 gaday of extruded dry beans in the form of baked products for four weeks while group B continued with the run-in diet. A washout period of four weeks followed after which the experimental intervention was crossed-over. Anthropometric measurements, serum lipoproteins and haemostatic variables were measured with standard methods and dietary intakes were estimated with ®ve-day dietary records at the beginning and end of each experimental period. Results: Compliance was determined as 83.5% with a mean intake of 91.9 gaday extruded dry beans. Extruded dry beans did not have signi®cant effects on total serum cholesterol, low density lipoprotein cholesterol, triglycerides, apolipoprotein A or B, plasma ®brinogen and plasma viscosity concentrations. High density lipoprotein cholesterol concentrations decreased in both the dry bean and control periods. Lipoprotein (a) concentrations increased with intake of extruded dry beans, but this increase was probably not due to an independent effect of extruded dry beans. Plasminogen activator inhibitor 1 levels were signi®cantly lower after the intake of extruded dry beans compared to the control period. Conclusions: The inclusion of 91.9 g extruded dry beans per day in the diet had no effects on serum lipoproteins, plasma ®brinogen and viscosity levels but decreased PAI-1 levels. Descriptors: extrusion; dry beans; lipoproteins; ®brinogen; viscosity; plasminogen activator inhibitor 1; PAI-1 Sponsorship: Dry Bean Producers Organisation (South Africa) and the Potchefstroom University for Christian Higher Education, Potchefstroom, South Africa.
Introduction
Cerebrovascular and coronary heart disease (CHD) are among the most important causes of mortality and morbidity among South Africans (Bradshaw et al, 1995) and other Western societies (Murray & Lopez, 1996) . It has been shown that increased lipoprotein (Shrapnel et al, 1992) and plasma ®brinogen (Danesh et al, 1998; Wilhelmsen et al, 1984) as well as decreased ®brinolytic activity (Meade et al, 1993; Meade et al, 1996) are independent risk factors for these diseases. Increased plasma plasminogen activator inhibitor 1 (PAI-1) level decreases ®brinolytic activity (Aznar et al, 1988) . It has also been shown that increased levels of PAI-1 are associated with increased risk for CHD (Scarabin et al, 1998) . It is possible that these risk factors can be manipulated by dietary interventions (Shrapnel et al, 1992; Vorster et al, 1997) .
Dry beans are rich and economical dietary sources of plant protein, complex carbohydrates, soluble and insoluble dietary ®bre components and a variety of minerals and vitamins. Dry beans have a low energy, fat and sodium content. This nutrient composition meets the requirements of the prudent diet, recommended for the prevention and treatment of chronic degenerative Western diseases . In recent years extrusion cooking has become one of the most popular new processes developed by the food and feed industry (Gujska & Khan, 1990) . Extrusion of dry beans is a relatively new process and provides an economically and convenient alternative to cooking and canning and provides a variety of options for ingesting this health food. Extrusion can be described as a high temperature (125 C), low liquid (`25%), short time (`60 s) processing technique (Harper, 1995) .
Although the effects of extruded dry beans on lipoprotein levels have not yet been examined, a few studies have reported on the effects of dry beans (cooked or canned), with inconsistent results. In the studies of Cobaic et al (1990) and Mackay & Ball (1992) dry beans had no effects on total cholesterol (TC), triglycerides (TG) and low density lipoprotein cholesterol (LDL-C). Anderson et al (Anderson et al, 1984; Anderson et al, 1990) showed in metabolic ward studies independent decreases in lipoprotein concentrations with intake of dry beans. Shutler et al (1989) also reported decreased lipoprotein concentrations when diets high in dry beans were consumed. However, these decreases were due to decreased fat intakes caused by a replacement effect in the dry bean diet.
The effects of dry beans on haemostatic variables have not been studied. But, dry beans are a rich source of dietary ®bre, especially soluble ®bre , that may have bene®cial effects on haemostatic factors (Koepp & Hegewisch, 1981; Landin et al, 1992; Sundell & Ra Ênby, 1993; Venter et al, 1990; Venter et al, 1991) .
The objectives of this study were to examine the effects of the inclusion of extruded dry beans in the diet on serum lipoprotein, plasma ®brinogen, plasma viscosity and PAI-1 levels.
Methods

Subjects
The study was approved by the Ethics Committee of the Potchefstroom University for Christian Higher Education (Ethics no. HHK3M3-92). An informed consent form was signed by each of the 22 hyperlipidaemic men who regularly attended the Lipid Clinic at the Potchefstroom University and who voluntarily participated in this study. Their median (quartile range) age was 48.0 (7.0) y. The subjects agreed to participate in research projects in exchange for free Lipid Clinic service.
The exclusion criteria for selection of subjects were: smoking, body mass index (BMI) b 30 kgam 2 , baseline fasting blood glucose b 5.55 mmolaL, baseline serum TC levels`5.2 mmolaL, baseline serum TG levels b 4 mmolaL, familial hypercholesterolaemia (FH) and the use of lipid lowering drugs. FH was assessed with a polymerase chain reaction based method that detects LDLreceptor mutations on exon 4 or 9 of the LDL-receptor gene (Kotze et al, 1994) or by elevated LDL-C levels (above 7.5 mmolaL) combined with tendon xanthomata and a known family history of CHD.
Study design
This study was done under free living conditions using a randomised, controlled, cross-over study design. The subjects were randomly assigned to one of two groups, namely group A (n 11) or group B (n 11). During a runin period of four weeks the subjects followed their normal diet with the exclusion of dry beans. After the run-in period, group A had to include 110 gaday of extruded dry beans, in the form of baked products, into their diet while group B continued to follow the run-in diet. After a washout period of four weeks where all the subjects had to follow the run-in diet, the experimental intervention was crossed-over. Group B now included extruded dry bean products into their diet while group A continued to follow the run-in diet. The extruded dry bean products were supplied to the subjects. The subjects had to exchange carbohydrate foods for the extruded dry bean products (as in the studies of Jenkins et al (1983) and Mackay & Ball (1992 Preceding the study all the subjects and their wives were invited to an information session where all aspects of the study were discussed and the necessary instructions and directions given. To ensure compliance to the experimental intervention, the subjects could taste some of the extruded dry bean products during this session. The acceptability of the extruded dry bean products was found to be high. The subjects were also asked to maintain their habitual diet, alcohol consumption and physical activity for the duration of the study.
Fasting blood samples were drawn and anthropometric measurements (height, weight, waist and hip circumferences) were taken at the beginning and end of each experimental period. Two baseline blood samples, one week apart, were drawn and the means of the two calculated. BMI (kgam 2 ) was calculated.
Extruded dry bean baked products
The small white dry bean (Phaseolus vulgaris L., Cultivar Teebus, grown in the Northern Cape, South Africa) was used in this study. The recipes for the extruded dry bean baked products were developed by the Dry Bean Producers Organisation (South Africa) and included corn savoury bread, chocolate cake, banana bread and raisin muf®ns.
Dietary intakes
Dietary intakes were estimated with ®ve-day dietary records at the beginning and end of each experimental period. The dietary records were also used to determine compliance to the dietary intervention. The ®ve consecutive days on which records were kept were randomly determined and included one weekend day. The Medical Research Council's food quantities (Langenhoven et al, 1991a) and food composition (Langenhoven et al, 1991b) tables were used to encode food items, to translate household measures to grams and to analyse nutrient intakes.
Blood samples
The subjects were required to fast overnight (12 h). Venous blood samples were collected using a 21-gauged scalp infusion set. All samples were drawn with minimal stasis between 07:00 and 10:00 h to avoid effects of diurnal variation. EDTA blood was used for the analysis of haematocrit and haemoglobin. Clotted, citrated and EDTA blood were centrifuged for 15 min at 2000 g to yield serum for lipoproteins, plasma for haemostatic variables and plasma for viscosity measurements, respectively. Fresh EDTA plasma was used for viscosity measurements and the citrated plasma and serum were divided into aliquots and frozen at 7 72 C within 30 minutes for later analysis.
Experimental methods TC concentrations were determined enzymatically with the Technicon Omnipak-method (SM-4-0139a86, Bayer, Puteaux Cedex), LDL-C was determined with the CHODIodide method (Merck, Darmstadt, Germany). LDL-C was precipitated by heparin at its iso-electric point (pH 5.12). After centrifugation, the high density lipoprotein cholesterol (HDL-C) and the very low density lipoprotein cholesterol remained in the supernatant and were determined Extruded dry beans W Oosthuizen et al with an enzymatic method. The LDL-C concentration was calculated according to the following formula:
Apolipoprotein (apo) A and apoB were determined with an immuno-chemical method (Behring Institute, Marburg, West Germany, antiserum for human apoA (code no. OUED), and human apoB (code no. OSAN)). Lipoprotein (a) (Lp(a)) was determined with a radio-immunological method (Pharmacia Apo(a) RIA). Plasma ®brinogen was measured with the Clauss method using an ACL-200 automated coagulation analyser and reagents from Instrumentation Laboratories (IL) (Milan, Italy) (Coef®cient of variance (CV) 2.38%). Fibrinogen standards and controls were purchased from IL and from the National Institute for Biological Standards and Control (code 89a644, NIBSC, Hertfordshire, UK). PAI-1 was measured with an indirect enzymatic method (Spectrolyse pL, Biopool, Umea Ê, Sweden, Cat. no. 101201) (intra CV 10.37%; inter CV 3.63%). Plasma viscosity was measured with a Brook®eld Digital Viscometer (Model DV-1 Version 3.0, Stoughton, USA) (intra CV 3.13%; inter CV 3.48%). Haematocrit was determined with the capillary tube method and haemoglobin with a calorimetric method (Boehringer Mannheim, Cat. no. 124729).
Statistical analysis
The computer software package Statistica 1 was used for these analyses. Because a normal distribution of data could not be assumed, signi®cant differences within and between groups were determined with the Wilcoxon matched pairs test. All data are presented as median (quartile range). A P-value 0.05 was regarded as being statistically signi®cant.
Results
The median (quartile range) levels of nutrient intakes and experimental variables during the study are summarised in Tables 1 ± 4 and the mean food intakes per day of speci®c foods are illustrated in Figure 1 . Data on micronutrient intakes is not included but can be obtained on application to the authors. The changes in biochemical variables during the intake of extruded dry beans and the control periods were always in the same directions for both groups A and B, except for PAI-1. The results are therefore reported with the two groups combined except for PAI-1 where the results for the two groups are reported separately. Baseline is taken as the levels at the beginning of each experimental period (extruded dry bean and control periods).
Anthropometric measurements did not change during the study (Table 1) . Haematocrit levels were also not effected, but haemoglobin levels tended to decrease with intake of extruded dry beans and decreased signi®cantly in the control group (Table 1) . These small decreases were probably not of any clinical signi®cance, because reference values for haemoglobin in men are 8.68 ± 11.16 mmolaL (Lee & Nieman, 1993) .
According to Figure 1 , compliance to the experimental intervention was relatively good. The mean intake of extruded dry beans per day was 91.9 g which is 83.5% of the 110 gaday that had to be consumed. The acceptability of the extruded dry bean products were good and reported side effects included a feeling of prolonged satiety and¯atu-lence, which diminished as the study progressed. As shown in Figure 1 , the subjects exchanged, as was instructed, carbohydrate rich foods, mainly bread and breakfast cereals, for the extruded dry bean products.
As shown in Table 2 , total energy intake did not change during the study. None of the nutrient intakes changed during the control period. The inclusion of extruded dry beans in the diet caused some expected changes in nutrient intake. Protein intake increased signi®cantly due to the signi®cant increased intake of plant protein of which dry beans is a rich source . Animal protein intake tended to decrease (not signi®cantly). Percentage energy from fat decreased signi®cantly mainly because of a decrease in saturated fatty acid (SFA) Extruded dry beans W Oosthuizen et al intake. The small decrease in meat ( Figure 1 ) and animal protein intake may be responsible for this decrease in SFA intake. The high grade of satiation caused by the extruded dry bean products probably resulted in the lower intake of meat. A small, but signi®cant increase in monounsaturated fatty acid (MUFA) intake occurred probably because of the canola oil (rich source of MUFA) that was used in the extruded dry bean products. The median cholesterol intake level increased signi®cantly due to the use of eggs ( Figure  1 ), which played an important role in the acceptability of the extruded dry bean products. Median carbohydrate intake was also slightly increased. As expected, dietary ®bre increased signi®cantly due to the inclusion of extruded dry beans in the diet. The subjects did not change their alcohol intake during the study. Extruded dry bean intake caused signi®cantly increased intakes of iron, magnesium, potassium, copper, thiamine and folate (data not shown).
As shown in Table 3 , extruded dry bean intake had no effects on TC, TG, LDL-C, apoA or apoB levels. HDL-C levels decreased signi®cantly during both the extruded dry bean and control periods. Lp(a) levels increased signi®-cantly with the intake of extruded dry beans. As can be deducted from the high interquartile range levels, great individual variations occurred, where Lp(a) values ranged from`30 UaL to b 1500 UaL. For better interpretation, the changes in individual values were categorised according to risk levels (Table 3 ). The number of subjects in the high risk category ( b 500 UaL) increased by 2 in both the extruded dry bean and control periods. Thus, the increase in Lp(a) levels with extruded dry beans was probably not due to an independent effect of extruded dry beans.
Plasma ®brinogen and viscosity levels did not change during the study (Table 4 ). Median plasma PAI-level for group A did not change during the study, but for group B .6 0 ± 300 UaL (n) 13 12 11 12 300 ± 500 UaL ( n ) 7 6 7 4 b 500 UaL ( n ) 2 4 4 6 QR Quartile range; n Number of subjects; TC Total cholesterol; TG Triglycerides; HDL-C High density lipoprotein cholesterol; LDL-C Low density lipoprotein cholesterol; apo Apolipoprotein; Lp(a) Lipoprotein(a) Medians (quartile ranges) with the same symbol differed signi®cantly (P`0.05).
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and when the results of the two groups are combined the median plasma PAI-1 level at the end of the extruded dry bean period was signi®cantly lower compared to the control period (Table 4) .
Discussion
The salient observations of this study on free living hyperlipidaemic men were that extruded dry beans had no effect on serum lipoprotein, plasma ®brinogen or viscosity levels, but that it decreased plasma PAI-1 levels. In this study dietary changes that occurred because of the inclusion of extruded dry bean products in the diet complicates interpretation and explanation of the lack of effect on lipoprotein levels. Other than those changes caused by dry beans (increased dietary ®bre and plant protein intakes), dietary changes that could have effects on lipoprotein levels included increased dietary cholesterol intake due to the eggs used in the extruded dry bean products. Grundy et al (1988) showed that an increase of 100 mg per 4184 kJaday (1000 kcaladay) dietary cholesterol could increase serum cholesterol levels by 0.26 mmolaL. SFA intakes, which decreased in this study, could also have affected the lipoprotein levels. Decreased SFA intake lowers TC and LDL-C concentrations (Morgan et al, 1993) . Also, the increased MUFA intake in this study would probably not have affected the lipoprotein levels independently, since its effect regarding serum lipoproteins is neutral (Hegsted et al, 1993; Mensink & Katan, 1992) . The interpretation of the data could probably be simpli®ed if the effects on serum lipoproteins due to these dietary changes could be predicted. Howell et al (1997) composed such prediction equations from a meta-analysis of the relevant literature. DTC (mgadL) [1.9186DSFA(% of total energy intake (%E))] 7 [0.9006Dpolyunsaturated
. If the data from the present study is used in these equations, no changes in either TC, LDL-C or TG could be expected.
The high content of soluble ®bre in dry beans seems to be the main factor in the cholesterol lowering effect of dry beans (Anderson & Gustafson, 1987; Geil & Anderson, 1994; Uebersax et al, 1991) . The signi®cant increase in dietary ®bre caused by the inclusion of extruded dry beans in this study was probably not suf®cient to cause a hypocholesterolaemic effect. The amount of total and soluble NSP provided by the 91.9 g extruded dry beans (12.5 g total NSP and 4.8 g soluble NSP) were analysed but unfortunately, because the South African food composition tables only include total dietary ®bre intake, the amount of soluble ®bre provided by the diet could not be determined. Since the mean intake of fruit and vegetables, good sources of soluble ®bre (Englyst et al, 1988) , remained relatively unchanged and the greatest fraction of insoluble ®bre from extruded dry beans probably replaced the insoluble ®bre rich carbohydrate foods, the increased median dietary ®bre intake of 5.1 gaday was probably mainly from soluble ®bre provided by extruded dry beans. The amount of soluble ®bre provided by dry beans in the two metabolic ward studies (Anderson et al, 1984; Anderson et al, 1990 ) that reported cholesterollowering effects were 10 and 4 g respectively. The studies of Cobiac et al (1990) and Mackay & Ball (1992) that did not report cholesterol-lowering effects, provided extra amounts of 7 g soluble and 5 g total dietary ®bre. Thus, the intake of 4 g of soluble ®bre from dry beans is probably suf®cient to lower cholesterol concentrations under metabolic ward conditions, but not under free living conditions.
The possibility that the extrusion process could have caused chemical and structural changes of the dry beans and that this might be the reason for the lack of effects on serum lipoprotein levels, cannot be ignored. However, the nutrient composition of the dry beans before and after extrusion were compared and did not differ with regard to total energy, fat, carbohydrate, protein, total, soluble and insoluble NSP content. Lintas & Cappelloni (1992) showed that the percentage resistant starch in cooked compared to extruded white beans did not differ.
In the literature the effects of dry beans on HDL-C levels are controversial. Some studies reported lowering effects (Anderson et al, 1990; Shutler et al, 1989) , others increasing effects (Mackay & Ball, 1992) while some reported no effects (Anderson et al, 1984; Cobiac et al, 1990; Jenkins et al, 1983) . The decrease in serum HDL-C concentrations in this study was probably not an independent effect of extruded dry beans because a lowering effect was also seen in the control group. Very low fat diets can decrease HDL-C levels (Howell et al, 1997; Mensink & Katan, 1992) . Although the total and SFA intake decreased with the intake of extruded dry beans, this change was not seen in the control period, making this mechanism inapplicable to this study. Large intra-individual variations in HDL-C levels have been noticed in the Lipid Clinic at the Potchefstroom University for Christian Higher Education . The decreases in HDL-C might thus be due to chance and be explained by subject variations.
In this study Lp(a) concentrations increased with the intake of extruded dry beans. As explained in the result section, this increase was probably not due to an independent effect of extruded dry beans. The effect of dry beans on Lp(a) have not yet been reported in the literature. It is known that Lp(a) is hardly affected by dietary intervention (Harris, 1997) . 
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Data on the effects of dietary factors on ®brinogen, viscosity and PAI-1 levels are very limited and the effects of dry beans on these variables have not yet been examined. The independent effects of fat and cholesterol intake on plasma ®brinogen is unknown, but Vorster et al (1987) have reported increased ®brinogen levels in subjects who followed a diet high in fat, cholesterol and animal protein and low in ®bre compared to a control group. The effect of ®bre intake on plasma ®brinogen levels seems to be controversial. Plasma ®brinogen levels decreased with the intake of soluble ®bre in diabetic children (Koepp & Hegewisch, 1981) and in animals (Venter et al, 1990; Venter et al, 1991) , while Landin et al (1992) showed no effect in humans. In the studies of Marckman et al (1993) and Djousse Â et al (1998) low fat, high ®bre diets did not effect ®brinogen levels in humans. Possible reasons for the lack of effect on ®brinogen levels in the present study might be that the increase in ®bre intake was not suf®cient to lower ®brinogen levels. Another reason might be that ®brinogen concentrations were in the normal range making it dif®cult to lower it further. Thirdly, other variables that may affect ®brinogen levels namely serum TC (Lee et al, 1990) and LDL-C (Mùller & Kristensen, 1991) were unchanged during the study. Plasma viscosity levels did not change during the study. This may be explained by the lack of effect on plasma ®brinogen which is an important determinant for plasma viscosity (Lowe, 1986) .
The median plasma PAI-1 level was signi®cantly lower after the intake of extruded dry beans compared to the control period in group B only. The different effects between groups A and B may be explained as follows. Firstly, the authors speculate that different genetic pro®les may cause different biochemical responses to dietary intervention. The two groups may have been grouped according to a certain genetic pro®le by chance. Loktionov et al (1998) , for example, demonstrated that PAI-1 activity levels only decreased with black tea drinking in the subjects with the apo E2aE3 genotype. Secondly, the different effects in the two groups may be explained by seasonal variations (Frohlich et al, 1997) . Group B followed the control period at the end of winterabeginning of spring (27 August ± 24 September) when the occurrence of upper respiratory infections are very common. Woodhouse et al (1997) hypothesised that activation of the acute phase response by infection could increase PAI-1 activity. During this period PAI-1 levels increased while during the extruded dry bean period; in summer (22 October ± 19 November) PAI-1 levels tended to decrease. The intake of extruded dry beans probably protected group A against an increase in PAI-1 levels during this winteraspring period. This possible bene®cial effect of extruded dry beans on PAI-1 levels might be ascribed to the signi®cant increase in ®bre intake by extruded dry beans. Djousse Â et al (1998) reported a negative association between dietary ®bre intake and PAI-1. Soluble ®bre rich products decreased plasma PAI-1 levels (Landin et al, 1992; Sundell & Ra Ênby, 1993) . Dry beans also contain anti-nutrients, for example iso¯a-vones ) that may affect PAI-1 levels. This effect, however, has not been examined before in the literature.
In conclusion, the intake of 91.8 gaday extruded dry beans had no effects on serum lipoproteins, plasma ®brino-gen and viscosity levels but plasma PAI-1 levels differed signi®cantly after extruded dry bean intake compared to the control period. Thus, the inclusion of extruded dry beans in the diet may increase the ®brinolytic potential (Aznar et al, 1988) and thereby contribute to decreased CHD risk (Meade et al, 1993; Meade et al, 1996) .
Even though extruded dry beans did not have the desired hypocholesterolaemic effects, dry beans, because they are a rich and economical source of plant protein, complex carbohydrates, soluble and insoluble dietary ®bre components and a variety of minerals and vitamins and are low in energy, fat and sodium content , they form an important part of the hypocholesterolaemic diet. Processing techniques to develop alternative and convenient ways in which this health food can be consumed are encouraged but care should be taken with the development of the extruded dry bean products so that they are acceptable and ®t into the hypocholesterolaemic diet.
